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A. Pressupost 
El cost de la plataforma docent objecte d’aquest projecte es composa pel cost dels 
components elèctrics i electrònics que s’utilitzen, el cost de la part mecànica, el cost de 
desenvolupament dels controls dels motors i, finalment, el cost del PC. 
Cost dels components elèctrics i electrònics 
En aquest apartat s’inclou la placa CDM2480, la seva font d’alimentació i el DSK eZdSP 
F2812 (que inclou la font de 5V, el programa Code Composer Studio i el DSP 
TMS320F2812). 
A continuació es presenten els costos de tots aquests components: 
- Placa CDM2480................................................................................    320 € 
- Font d’alimentació (placa CDM2480)................................................ 1.500 € 
- DSK eZdSP F2812 ...........................................................................    300 € 
Així, el total del cost dels components elèctrics i electrònics és de 2.120 €. 
Cost de la part mecànica 
Dins del cost de la part mecànica es contempla el cost de cadascun dels motors, els seus 
suports, l’acoblament mecànic i el muntatge de tots els components de la plataforma. 
Així, tots aquests costos són: 
- Motor EC 40 + Encoder HEDS5540 de Maxon (Brushless AC) ......   250 € 
- Motor RE 36 + Encoder HEDS5540 de Maxon (DC) ......................   255 € 
- Suports dels motors (2 suports) ...................................................... 2 * 30 €  
- Acoblament mecànic de Ruland ......................................................     25 € 
- Muntatge de tota la plataforma ........................................................   100 € 
Per tant, el cost total de la part mecànica és de 690 €. 
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Cost de desenvolupament dels controls dels motors  
Aquest cost implica el desenvolupament del control del motor de corrent continu objecte 
d’aquest projecte i el control del motor utilitzat com a motor principal.  
Per al càlcul d’aquests costos es tindrà en compte que tan el control per al motor de corrent 
continu com el motor Brushless AC, han estat desenvolupats per estudiants en projectes 
finals de carrera. Així, el càlcul del cost es basarà en el nombre d’hores que la normativa de 
l’escola recomana dedicar al projecte, que són aproximadament 540h, i que el projecte l’ha 
realitzat un enginyer sense experiència i, com a tal, aquest pot suposar un cost 
d’aproximadament 15 €/h. 
Així, tots aquests costos són:   
- Desenvolupament del control del motor de corrent continu ............ 8.100 € 
- Desenvolupament del control del motor Brushless AC ................... 8.100 € 
Per tant, el cost total de desenvolupament és de 16.200 €. 
Cost del PC  
També s’ha de considerar el cost del PC ja que la plataforma necessita un PC per poder 
carregar i executar el programa al DSP. Així s’assignarà un cost de 1200 € al PC. 
Cost total de la plataforma  
Finalment, el cost total de la plataforma tenint en compte tots els costos és de 20.210 €.  
De totes maneres, si tenim en compte que el desenvolupament dels controls només s’ha 
d’efectuar una única vegada, cada nova plataforma que es realitzi costarà únicament  
4.010 €. 
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B. Impacte Mediambiental 
Materials electrònics utilitzats 
Dos noves directives europees introdueixen noves responsabilitats mediambientals per als 
fabricants, importadors, revenedors i distribuïdors d’equips i components elèctrics i 
electrònics. 
La Directiva 2002/95/CE de Restricció de certes Substàncies Perilloses en aparells Elèctrics i 
Electrònics RoHS (Restriction of use of certain Hazardous Substances) va ser adoptada al 
febrer de 2003 per la UE i entrada en vigor el dia 1 de juliol de 2006. 
Aquesta legislació està molt relacionada amb la Directiva de Residus d’Aparells Elèctrics i 
Electrònics RAEE. 
RoHS és una directiva de la UE la qual restringeix l’ús de 6 materials perillosos en la 
fabricació d’equips elèctrics i electrònics tot imposant-ne unes concentracions màximes. 
Aquest materials i les seves concentracions màximes són:  
- Plom (0,1% del pes en materials homogenis) 
- Mercuri (0,1% del pes en materials homogenis) 
- Cadmi (0,01% del pes en materials homogenis) 
- Crom VI o Crom hexavalent (0,1% del pes en materials homogenis) 
- PBB (0,1% del pes en materials homogenis) 
- PBDE (0,1% del pes en materials homogenis) 
Així doncs, tots els components electrònics utilitzats en les plaques electròniques d’aquest 
projecte han de complir, i compleixen, la normativa RoHS. 
Reciclatge 
D’altra banda, la Directiva de la UE sobre Residus d’Aparells Elèctrics i Electrònics RAEE 
tracta de la recollida selectiva, valorització i tractament d’aquests residus, i està en 
funcionament des del 13 d’agost de 2005. 
Aquesta directiva implica a productors, distribuïdors, instal·ladors i usuaris finals per a la 
gestió correcta d’aquests residus i per al reciclatge dels seus components, de forma que, a 
més de no contaminar, serveixin per a no tenir que utilitzar més recursos naturals per a la 
producció de nous aparells.  
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Així doncs, el dia que la plataforma ja no sigui d’utilitat, amb l’ajut dels corresponents 
distribuïdors s’hauran de reciclar els motors i els components electrònics que així ho 
determini aquesta directiva. 
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C. Codi del programa 
Inicialització de variables 
/* =================================================================== 
System Name:  DCMotor 
File Name: DCMotor.C 
Description: Primary system file for the Real Implementation of Sensored   
            Current/Torque Control for a Permanent-Magnet DC Motor 
Originator:  Digital control systems Group - Texas Instruments 
================================================================== */ 
// Include header files used in the main function 
#include "DSP281x_Device.h" 
#include "IQmathLib.h"         
#include "DCMotor.h" 
#include "parameter_DCMotor.h" 
#include "dlog4ch.h" 
// Prototype statements for functions found within this file 
interrupt void MainISR(void); 
interrupt void QepISR(void); 
void ADC_calibration(void); 
void Load_parameters(void); 
// Global variables used in this system 
_iq I_ref;                    // I reference (pu)  (0 - 1) 
Uint16 Load_Type = 0;       // Input: Load type: 0, 1, 2 or 3   
Uint16 Load_Type_aux = 0;                      
float32 Tref = 0.1;          // Input: Constant torque           
float32 Kl = 0.2;          // Input: Linear constant            
float32 Kq = 0.2        / Input: Quadratic constant       
float32 Pconst = 0.5;      // Input: Constant Power  
float32 T = 0.001/ISR_FREQUENCY_DC;     // Samping period (sec), see 
parameter.h  
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float32 Kp=1.0, Ki=0.05, Kd=0.0, Kc=0.2, PIDmaxmin=0.7;        
       // PID constants for inner 
current/torque loop 
Uint16 IsrTicker = 0; 
Uint16 BackTicker = 0; 
int16 DlogCh1 = 0; 
int16 DlogCh2 = 0; 
int16 DlogCh3 = 0; 
int16 DlogCh4 = 0; 
volatile Uint16 enable_flg=0; 
volatile Uint16 ADC_calibration_flg = 0; 
int16 ADC_buf[256]; 
int16 counter = 0; 
int32 IOffset = 0; 
// Instance PID regulators to regulate the d and q synchronous axis currents, and speed 
PIDREG3 pid1 = PIDREG3_DEFAULTS; 
// Instance a PWM driver instance 
PWMGEN_DC pwm1 = PWMGEN_DC_DEFAULTS; 
// Instance a QEP interface driver  
QEP_DC qep1 = QEP_DC_DEFAULTS; 
// Instance a speed calculator based on QEP 
SPEED_MEAS_QEP speed1 = SPEED_MEAS_QEP_DEFAULTS; 
// Instance a ramp controller to smoothly ramp the frequency 
RMPCNTL rc1 = RMPCNTL_DEFAULTS; 
// Instance a ramp generator to simulate an Anglele 
RAMPGEN rg1 = RAMPGEN_DEFAULTS; 
// Create an instance of the current/dc-bus voltage measurement driver 
ILEG2DCBUSMEAS_DC ilg2_vdc1 = ILEG2DCBUSMEAS_DC_DEFAULTS; 
// Create an instance of DATALOG Module 
DLOG_4CH dlog = DLOG_4CH_DEFAULTS; 
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Programa principal 
void main(void)  
{ 
// Initialize System Control registers, PLL, WatchDog, Clocks to default state: 
        // This function is found in the DSP281x_SysCtrl.c file. InitSysCtrl(); 
// HISPCP prescale register settings, normally it will be set to default values 
     EALLOW;   // This is needed to write to EALLOW protected registers 
     SysCtrlRegs.HISPCP.all = 0x0000;     // SYSCLKOUT/1   
     EDIS;   // This is needed to disable write to EALLOW protected registers  
// Disable and clear all CPU interrupts: 
 DINT; 
 IER = 0x0000; 
 IFR = 0x0000; 
// Initialize Pie Control Registers To Default State: 
        // This function is found in the DSP281x_PieCtrl.c file. 
 InitPieCtrl(); 
// Initialize the PIE Vector Table To a Known State: 
        // This function is found in DSP281x_PieVect.c. 
        // This function populates the PIE vector table with pointers 
        // to the shell ISR functions found in DSP281x_DefaultIsr.c. 
 InitPieVectTable();  
// User specific functions, Reassign vectors (optional), Enable Interrupts: 
// Initialize EVB Timer 3: 
    // Setup Timer 3 Registers (EV B) 
 EvbRegs.GPTCONB.all = 0; 
/* The CDM2480 has an over current protection that activate the  */ 
/* Power Drive Protection INTerrupt of the DSP if needed         */ 
/* When powering up the CDM2480, this protection may be activated*/ 
/* therefore, in the DSP init code, we check the value of the    */ 
/* PDPINT pin and we stop if the active low signal is low        */ 
/* If this situation happens, the only solution is to unplug the */ 
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/* board and to restart the system                               */ 
/* Check JP4 of eZdsp rev D which has to be connected to  provide 5V       */ 
 if(EvbRegs.COMCONB.bit.PDPINTBSTATUS == 0) { 
  ESTOP0; 
 } 
/* For proper software operation, the F2812 eZdsp must be in     */ 
/* Microcontroler mode MP/MC = 0, after reset. Please, make sure */ 
/* that JP1 is on position 2-3 on the eZdsp                      */   
 if(XintfRegs.XINTCNF2.bit.MPNMC == 1) { 
  ESTOP0; 
 } 
// Set input qualifier  
 EALLOW; 
 GpioMuxRegs.GPDQUAL.all=0x003F; // Input qualifier 
 GpioMuxRegs.GPAQUAL.all=0x003F; // Input qualifier 
 EDIS; 
// Enable PDPINTB interrupt bits 
 EvbRegs.EVBIMRA.bit.PDPINTB = 1; 
 EvbRegs.EVBIFRA.bit.PDPINTB = 1; 
// Waiting for enable flag set 
 while (enable_flg==0) { 
// Enable Underflow interrupt bits for GP timer 3 
  EvbRegs.EVBIMRA.bit.T3UFINT = 1; 
  EvbRegs.EVBIFRA.bit.T3UFINT = 1; 
// Enable CAP6 interrupt bits for GP timer 4 
  EvbRegs.EVBIMRC.bit.CAP6INT = 1; 
  EvbRegs.EVBIFRC.bit.CAP6INT = 1; 
 } 
// Reassign ISRs.  
        // Reassign the PIE vector for T3UFINT and CAP6INT to point to a different  
        // ISR then the shell routine found in DSP281x_DefaultIsr.c. 
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        // This is done if the user does not want to use the shell ISR routine 
        // but instead wants to use their own ISR. 
 EALLOW; // This is needed to write to EALLOW protected registers 
 PieVectTable.T3UFINT = &MainISR; 
 PieVectTable.CAPINT6 = &QepISR; 
 EDIS;   // This is needed to disable write to EALLOW protected registers 
// Enable PIE group 1 interrupt 2 for PDPINTB 
 PieCtrlRegs.PIEIER1.all = M_INT2; 
// Enable PIE group 4 interrupt 6 for T3UFINT  
 PieCtrlRegs.PIEIER4.all = M_INT6; 
// Enable PIE group 5 interrupt 7 for CAPINT6 
 PieCtrlRegs.PIEIER5.all = M_INT7; 
// Enable CPU INT4 for T3UFINT and INT5 for CAPINT6: 
 IER |= (M_INT5 | M_INT4 | M_INT1); 
/* Initialize modules */  
// Initialize PWM module 
pwm1.PeriodMax = SYSTEM_FREQUENCY*1000000*T/2;  // Perscaler X1 (T1), ISR 
period = T x 1  
pwm1.HalfPeriod = pwm1.PeriodMax/2;   
 pwm1.init(&pwm1);  
// Initialize DATALOG module 
dlog.iptr1 = &DlogCh1; 
dlog.iptr2 = &DlogCh2; 
dlog.iptr3 = &DlogCh3; 
dlog.iptr4 = &DlogCh4; 
dlog.trig_value = 0x1; 
dlog.size = 0x400; 
dlog.prescalar = 1; 
dlog.init(&dlog); 
// Initialize QEP module 
qep1.LineEncoder = 500;   // 500 ppv for Encoder HEDS 5540 
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qep1.MechScaler = _IQ30(0.25/qep1.LineEncoder); 
qep1.PolePairs = n/2; 
qep1.CalibratedAngle = 0; 
qep1.init(&qep1); 
// Initialize ADC module 
 ilg2_vdc1.init(&ilg2_vdc1); 
// Initialize the Speed module for QEP based speed calculation 
speed1.K1 = _IQ21(1/(BASE_FREQ*T)); 
speed1.K2 = _IQ(1/(1+T*2*PI*30));  // Low-pass cut-off frequency 
speed1.K3 = _IQ(1)-speed1.K2; 
speed1.BaseRpm = 120*(BASE_FREQ/n); 
// Initialize the RAMPCONTROL module 
 rc1.RampDelayMax = 2;       
// Initialize the RAMPGEN module 
     rg1.StepAngleMax = _IQ(BASE_FREQ*T); 
 rg1.Gain = _IQ(1.0); 
 rg1.Offset = _IQ(0.0); 
 rg1.Freq = _IQ(0.5); 
// Initialize the PID_REG3 module for I 
 pid1.Kp = _IQ(Kp); 
 pid1.Ki = _IQ(Ki); 
 pid1.Kd = _IQ(Kd); 
 pid1.Kc = _IQ(Kc); 
 pid1.OutMax = _IQ(PIDmaxmin); 
 pid1.OutMin = _IQ(-PIDmaxmin);  
// Initialize the Load parameters for I 
 Load_parameters(); 
// Enable global Interrupts and higher priority real-time debug events: 
 EINT;   // Enable Global interrupt INTM 
 ERTM; // Enable Global realtime interrupt DBGM 
// IDLE loop. Just sit and loop forever:  
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 for(;;) {BackTicker++; 
/* Refresh the PID_REG3 constants for current loop */ 
 pid1.Kp = _IQ(Kp); 
 pid1.Ki = _IQ(Ki); 
 pid1.Kd = _IQ(Kd); 
 pid1.Kc = _IQ(Kc); 
 pid1.OutMax = _IQ(PIDmaxmin); 
 pid1.OutMin = _IQ(-PIDmaxmin);  
/* Refresh the Load parameters for current loop */ 
 Load_parameters(); 
}} 
 
Interrupció principal 
interrupt void MainISR(void)  
{ 
// Verifying the ISR 
    IsrTicker++; 
 if(ADC_calibration_flg == 0) { 
//    Call the ILEG2_VDC read function. 
     ilg2_vdc1.read(&ilg2_vdc1); 
//    Call the ADC_calibration function. 
  ADC_calibration(); 
 } 
 else { 
//    Connect inputs of the RMP module and call the Ramp control calculation function. 
  rc1.TargetValue = I_ref; 
  rc1.calc(&rc1); 
//    Call the ILEG2_VDC read function. 
      ilg2_vdc1.read(&ilg2_vdc1); 
//    Connect inputs of the PID module and call the PID calculation function. 
    pid1.Ref = rc1.SetpointValue; 
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  pid1.Fdb = _IQ15toIQ((long)ilg2_vdc1.Imeas); 
  pid1.calc(&pid1); 
//     Connect inputs of the PWM_DRV module and call the PWM signal generation update 
function. 
        pwm1.DutyFunc = (int16)_IQtoIQ15(pid1.Out);   // DutyFunc is in Q15 
  pwm1.update(&pwm1); 
//    Call the QEP calculation function  
      qep1.calc(&qep1); 
//    Connect inputs of the SPEED_FR module and call the speed calculation function  
      peed1.ElecTheta = _IQ15toIQ((int32)qep1.ElecTheta); 
      peed1.DirectionQep = (int32)(qep1.DirectionQep); 
      peed1.calc(&speed1); 
//    Connect inputs of the DATALOG module  
      logCh1 = IsrTicker; 
      logCh2 = (int16)(_IQtoIQ15(pid1.Ref)); 
      logCh3 = (int16)(_IQtoIQ15(rg1.Out)); 
      logCh4 = (int16)(_IQtoIQ15(pid1.Fdb)); 
 } 
//    Call the DATALOG update function. 
 dlog.update(&dlog); 
// Enable more interrupts from this timer 
 EvbRegs.EVBIMRA.bit.T3UFINT = 1; 
// Note: To be safe, use a mask value to write to the entire 
 // EVBIFRA register.  Writing to one bit will cause a read-modify-write 
 // operation that may have the result of writing 1's to clear  
 // bits other then those intended.  
 EvbRegs.EVBIFRA.all = BIT9; 
// Acknowledge interrupt to recieve more interrupts from PIE group 4 
 PieCtrlRegs.PIEACK.all |= PIEACK_GROUP4; 
} 
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Interrupció QEP 
interrupt void QepISR(void)  
{ 
//    Call the QEP_DRV isr function. 
    qep1.isr(&qep1); 
// Enable more interrupts from this timer 
 EvbRegs.EVBIMRC.bit.CAP6INT = 1; 
// Note: To be safe, use a mask value to write to the entire 
 // EVBIFRA register.  Writing to one bit will cause a read-modify-write 
 // operation that may have the result of writing 1's to clear  
 // bits other then those intended. 
 EvbRegs.EVBIFRC.all = BIT2; 
// Acknowledge interrupt to recieve more interrupts from PIE group 5 
 PieCtrlRegs.PIEACK.all |= PIEACK_GROUP5; 
} 
 
Funció ADC_calibration 
void ADC_calibration(void) { 
 ADC_buf[counter] = ilg2_vdc1.Imeas; 
 counter++; 
 if (counter == 255) { 
  ADC_calibration_flg = 1; 
  for(counter=0; counter<256; counter++) { 
   IOffset = IOffset + ADC_buf[counter]; 
  } 
  ilg2_vdc1.ImeasOffset = (int16)(IOffset>>8); 
  counter = 0; 
 } 
} 
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Funció Load_parameters 
void Load_parameters(void) { 
   int32 Tmp; 
 if (Load_Type == 0) { 
  I_ref = _IQ(Tref); 
 } 
 else if (Load_Type == 1) { 
  I_ref = Kl * speed1.Speed;   // (Q0 * Q24) = Q24 
 } 
 else if (Load_Type == 2) { 
  if (speed1.Speed < 0) { 
   Tmp = - _IQmpy(speed1.Speed,speed1.Speed); 
  } 
  else { 
   Tmp = _IQmpy(speed1.Speed,speed1.Speed); 
  } 
  I_ref = Kq * Tmp;    // (Q0 * Q24) = Q24 
 } 
 else if (Load_Type == 3) { 
  I_ref = _IQdiv(_IQ(Pconst),speed1.Speed); 
 } 
 else { 
  Load_Type = Load_Type_aux; 
 } 
 Load_Type_aux = Load_Type; 
} 
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D. Plànols dels suports per als motors 
Suport per al motor Brushless DC 
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Suport per al motor de corrent continu 
 
 
 
Control amb DSP d’un motor de corrent continu per simular càrregues mecàniques 
per a una nova plataforma docent de control de màquines elèctriques Pàg. 19 
E. Datasheets 
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Operating Range Comments
Continuous operation
In observation of above listed thermal resistance
(lines 17 and 18) the maximum permissible winding
temperature will be reached during continuous
operation at 25°C ambient.
= Thermal limit.
Short term operation
The motor may be briefly overloaded (recurring).
Assigned power rating
n [rpm]
m
ax
o
n
DC
m
o
to
r
maxon Modular System Overview on page 17 - 21
Specifications
82 maxon DC motor April 2006 edition / subject to change
Stock program
Standard program
Special program (on request)
Order Number
RE 36 36 mm, Graphite Brushes, 70 Watt
Thermal data
17 Thermal resistance housing-ambient 6.4 K / W
18 Thermal resistance winding-housing 3.4 K / W
19 Thermal time constant winding 44.2 s
20 Thermal time constant motor 1120 s
21 Ambient temperature -20 ... +100°C
22 Max. permissible winding temperature +125°C
Mechanical data (ball bearing)
23 Max. permissible speed 12000 rpm
24 Axial play 0.05 - 0.15 mm
25 Radial play 0.025 mm
26 Max. axial load (dynamic) 5.6 N
27 Max. force for press fits (static) 5.6 N
(static, shaft supported) 1200 N
28 Max. radial loading, 5 mm from flange 28 N
Other specifications
29 Number of pole pairs 1
30 Number of commutator segments 13
31 Weight of motor 350 g
Values listed in the table are nominal.
Explanation of the figures on page 49.
Tolerances may vary from the standard
specification.
Option
Preloaded ball bearings Preload strength min. 2.4 N
Planetary Gearhead
32 mm
0.75 - 4.5 Nm
Page 228
Planetary Gearhead
32 mm
0.4 - 2.0 Nm
Page 226
Planetary Gearhead
42 mm
3 - 15 Nm
Page 232
DC-Tacho DCT
22 mm
0.52 V
Page 259
Encoder HEDS 5540
500 CPT,
3 channels
Page 250
Encoder HEDL 5540
500 CPT,
3 channels
Page 252
118797 118798 118799 118800 118801 118802 118803 118804 118805 118806 118807 118808 118809 118810
Motor Data
Values at nominal voltage
1 Nominal voltage V 18.0 24.0 32.0 42.0 42.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0
2 No load speed rpm 6610 6210 6790 7020 6340 6420 5220 4320 3450 2830 2280 1780 1420 1180
3 No load current mA 153 105 88.6 70.4 61.4 54.6 41.6 32.6 24.7 19.5 15.2 11.5 8.97 7.31
4 Nominal speed rpm 5880 5530 6120 6350 5660 5740 4520 3600 2720 2090 1530 1010 651 390
5 Nominal torque (max. continuous torque) mNm 70.2 78.2 77.1 77.9 79.9 79.5 81.5 82.2 83.6 84.1 84.1 83.8 84.1 83.1
6 Nominal current (max. continuous current) A 2.90 2.25 1.82 1.45 1.33 1.18 0.978 0.813 0.660 0.545 0.439 0.343 0.275 0.226
7 Stall torque mNm 730 783 832 866 786 785 627 504 403 326 258 198 158 127
8 Starting current A 28.6 21.5 18.7 15.3 12.6 11.1 7.22 4.80 3.06 2.04 1.30 0.784 0.501 0.334
9 Max. efficiency % 84 85 86 86 86 86 85 84 82 81 79 77 75 72
Characteristics
10 Terminal resistance  0.628 1.11 1.71 2.74 3.35 4.32 6.65 10.0 15.7 23.5 36.8 61.3 95.8 144
11 Terminal inductance mH 0.0988 0.201 0.300 0.487 0.597 0.760 1.15 1.68 2.62 3.87 5.96 9.70 15.1 21.9
12 Torque constant mNm / A 25.5 36.4 44.5 56.6 62.6 70.7 86.9 105 131 160 198 253 315 380
13 Speed constant rpm / V 375 263 215 169 152 135 110 90.9 72.7 59.8 48.2 37.8 30.3 25.1
14 Speed / torque gradient rpm / mNm 9.23 8.05 8.27 8.18 8.14 8.25 8.41 8.65 8.67 8.80 8.96 9.17 9.21 9.51
15 Mechanical time constant ms 6.00 5.89 5.84 5.81 5.81 5.80 5.81 5.81 5.82 5.83 5.84 5.86 5.85 5.88
16 Rotor inertia gcm2 62.0 69.9 67.5 67.8 68.1 67.2 66.0 64.2 64.1 63.3 62.2 61.1 60.7 59.0
Planetary Gearhead
32 mm
1.0 - 6.0 Nm
Page 229
Encoder MR
256 - 1024 CPT,
3 channels
Page 247
M 1:2
Recommended Electronics:
ADS 50/5 Page 264
ADS 50/10 265
ADS_E 50/5 265
ADS_E 50/10 265
EPOS 24/5 278
EPOS P 24/5 279
MIP 50 281
Notes 17
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H
Quick Assembly
Two and Three Channel Optical
Encoders
Technical Data
ESD WARNING: NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE.
Features
• Two Channel Quadrature
Output with Optional Index
Pulse
• Quick and Easy Assembly
• No Signal Adjustment
Required
• External Mounting Ears
Available
• Low Cost
• Resolutions Up to  1024
Counts Per Revolution
• Small Size
• -40°C to 100°C Operating
Temperature
• TTL Compatible
• Single 5 V Supply
Description
The HEDS-5500/5540, HEDS-
5600/5640, and HEDM-5500/
5600 are high performance, low
cost, two and three channel
optical incremental encoders.
These encoders emphasize high
reliability, high resolution, and
easy assembly.
Each encoder contains a lensed
LED source, an integrated circuit
with detectors and output
circuitry, and a codewheel which
rotates between the emitter and
detector IC. The outputs of the
HEDS-5500/5600 and HEDM-
5500/ 5600 are two square waves
in quadrature. The HEDS-5540
and 5640 also have a third chan-
nel index output in addition to the
two channel quadrature. This
index output is a 90 electrical
degree, high true index pulse
which is generated once for each
full rotation of the codewheel.
The HEDS series utilizes metal
codewheels, while the HEDM
series utilizes a film codewheel
allowing for resolutions to 1024
CPR. The HEDM series is nont
available with a third channel
index.
These encoders may be quickly
and easily mounted to a motor.
For larger diameter motors, the
HEDM-5600, and HEDS-5600/
5640 feature external mounting
ears.
The quadrature signals and the
index pulse are accessed through
five 0.025 inch square pins
located on 0.1 inch centers.
Standard resolutions between 96
and 1024 counts per revolution
are presently available. Consult
local Hewlett-Packard sales repre-
sentatives for other resolutions.
Applications
The HEDS-5500, 5540, 5600,
5640, and the HEDM-5500, 5600
provide motion detection at a low
cost, making them ideal for high
volume applications. Typical
applications include printers,
plotters, tape drives, positioning
tables, and automatic handlers.
HEDM-550X/560X
HEDS-550X/554X
HEDS-560X/564X
5965-5875E
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Package Dimensions
HEDS-5500/5540, HEDM-5500
*Note: For the HEDS-5600 and HEDM-5600, Pin #2 is a No Connect. For the HEDS-5640, Pin #2 is CH. I, the index output.
HEDS-5600/5640, HEDM-5600
*Note: For the HEDS-5500 and HEDM-5500, Pin #2 is a No Connect. For the HEDS-5540, Pin #2 is CH. I, the index output.
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Theory of Operation
The HEDS-5500, 5540, 5600,
5640, and HEDM-5500, 5600
translate the rotary motion of a
shaft into either a two- or a three-
channel digital output.
As seen in the block diagram,
these encoders contain a single
Light Emitting Diode (LED) as its
light source. The light is
collimated into a parallel beam by
means of a single polycarbonate
lens located directly over the
LED. Opposite the emitter is the
integrated detector circuit. This
IC consists of multiple sets of
photodetectors and the signal
processing circuitry necessary to
produce the digital waveforms.
The codewheel rotates between
the emitter and detector, causing
the light beam to be interrupted
by the pattern of spaces and bars
on the codewheel. The
photodiodes which detect these
interruptions are arranged in a
pattern that corresponds to the
radius and design of the
codewheel. These detectors are
also spaced such that a light
period on one pair of detectors
corresponds to a dark period on
the adjacent pair of detectors. The
photodiode outputs are then fed
through the signal processing
circuitry resulting in A, A, B and B
(also I and I in the HEDS-5540
and 5640). Comparators receive
these signals and produce the
final outputs for channels A and
B. Due to this integrated phasing
technique, the digital output of
channel A is in quadrature with
that of channel B (90 degrees out
of phase).
In the HEDS-5540 and 5640, the
output of the comparator for I
and I is sent to the index
processing circuitry along with
the outputs of channels A and B.
Block Diagram
revolution.
Pulse Width (P): The number of
electrical degrees that an output
is high during 1 cycle. This value
is nominally 180°e or 1/2 cycle.
Pulse Width Error ( ∆P): The
deviation, in electrical degrees, of
the pulse width from its ideal
value of 180°e.
State Width (S): The number of
electrical degrees between a
transition in the output of channel
A and the neighboring transition
in the output of channel B. There
are 4 states per cycle, each
nominally 90°e.
State Width Error ( ∆S): The
deviation, in electrical degrees, of
each state width from its ideal
value of 90°e.
Phase (φ): The number of
electrical degrees between the
center of the high state of channel
A and the center of the high state
of channel B. This value is
nominally 90°e for quadrature
output.
Phase Error (∆φ): The deviation
of the phase from its ideal value
of 90°e.
The final output of channel I is an
index pulse PO which is generated
once for each full rotation of the
codewheel. This output PO is a
one state width (nominally 90
electrical degrees), high true
index pulse which is coincident
with the low states of channels A
and B.
Definitions
Count (N): The number of bar
and window pairs or counts per
revolution (CPR) of the
codewheel.
One Cycle (C): 360 electrical
degrees (°e), 1 bar and window
pair.
One Shaft Rotation: 360
mechanical degrees, N cycles.
Position Error ( ∆Θ): The
normalized angular difference
between the actual shaft position
and the position indicated by the
encoder cycle count.
Cycle Error (∆C): An indication
of cycle uniformity. The differ-
ence between an observed shaft
angle which gives rise to one
electrical cycle, and the nominal
angular increment of 1/N of a
2-93
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Absolute Maximum Ratings
Parameter   HEDS-55XX/56XX     HEDM-550X/560X
Storage Temperature, TS -40°C to 100°C -40°C to +70°C
Operating Temperature, TA -40°C to 100°C -40°C to +70°C
Supply Voltage, VCC -0.5 V to 7 V -0.5 V to 7 V
Output Voltage, VO -0.5 V to VCC -0.5 V to VCC
Output Current per Channel, IOUT -1.0 mA to 5 mA -1.0 mA to 5 mA
Vibration 20 g, 5 to 1000 Hz 20 g, 5 to 1000 Hz
Shaft Axial Play ± 0.25 mm (± 0.010 in.) ± 0.175 mm (± 0.007 in.)
Shaft Eccentricity Plus Radial Play 0.1 mm (0.004 in.) TIR 0.04 mm (0.0015 in.) TIR
Velocity 30,000 RPM 30,000 RPM
Acceleration 250,000 rad/sec2 250,000 rad/sec2
Output WaveformsDirection of Rotation: When the
codewheel rotates in the counter-
clockwise direction (as viewed
from the encoder end of the
motor), channel A will lead
channel B. If the codewheel
rotates in the clockwise direction,
channel B will lead channel A.
Index Pulse Width (PO): The
number of electrical degrees that
an index output is high during
one full shaft rotation. This value
is nominally 90°e or 1/4 cycle.
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    Parameter Symbol Min. Typ. Max. Units Notes
Temperature HEDS Series TA -40 100 °C
Temperature HEDM Series TA -40 70 °C non-condensing atmosphere
Supply Voltage VCC 4.5 5.0 5.5 Volts Ripple < 100 mVp-p
Load Capacitance CL 100 pF 2.7 kΩ  pull-up
Count Frequency f 100 kHz Velocity (rpm) x N/60
Shaft Perpendicularity ± 0.25 mm 6.9 mm (0.27 in.) from
Plus Axial Play (HEDS Series) (± 0.010) (in.) mounting surface
Shaft Eccentricity Plus 0.04 mm (in.) 6.9 mm (0.27 in.) from
Radial Play (HEDS Series) (0.0015) TIR mounting surface
Shaft Perpendicularity ± 0.175 mm 6.9 mm (0.27 in.) from
Plus Axial Play (HEDM Series) (± 0.007) (in.) mounting surface
Shaft Eccentricity Plus 0.04 mm (in.) 6.9 mm (0.27 in.) from
Radial Play(HEDM Series) (0.0015) TIR mounting surface
Note: The module performance is guaranteed to 100 kHz but can operate at higher frequencies. 2.7 kΩ pull-up resistors
required for HEDS-5540 and 5640.
Recommended Operating Conditions
Part No.   Description Sym. Min. Typ.* Max. Units
HEDS-5500 Pulse Width Error ∆P 7 45 °e
HEDS-5600 Logic State Width Error ∆S 5 45 °e
(Two Channel) Phase Error ∆φ 2 20 °e
Position Error ∆Θ 10 40 min. of arc
Cycle Error ∆C 3 5.5 °e
HEDM-5500 Pulse Width Error ∆P 10 45 °e
HEDM-5600 Logic State Width Error ∆S 10 45 °e
(Two Channel) Phase Error ∆φ 2 15 °e
Position Error ∆Θ 10 40 min. of arc
Cycle Error ∆C 3 7.5 °e
HEDS-5540 Pulse Width Error ∆P 5 35 °e
HEDS-5640 Logic State Width Error ∆S 5 35 °e
(Three Phase Error ∆φ 2 15 °e
Channel) Position Error ∆Θ 10 40 min. of arc
Cycle Error ∆C 3 5.5 °e
Index Pulse Width PO 55 90 125 °e
CH. I rise after -25°C to +100°C t1 10 100 250 ns
CH. A or CH. B fall -40°C to +100°C t1 -300 100 250 ns
CH. I fall after -25°C to +100°C t2 70 150 300 ns
CH. B or CH. A rise -40°C to +100°C t2 70 150 1000 ns
Note: See Mechanical Characteristics for mounting tolerances.
*Typical values specified at VCC = 5.0 V and 25°C.
Encoding Characteristics
Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances
unless otherwise specified. Values are for the worst error over the full rotation.
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Electrical Characteristics
Electrical Characteristics over Recommended Operating Range.
 Part No.    Parameter Sym. Min. Typ.* Max. Units     Notes
HEDS-5500 Supply Current ICC 17 40 mA
HEDS-5600 High Level Output Voltage VOH 2.4 V IOH = -40 µA max.
Low Level Output Voltage VOL 0.4 V IOL = 3.2 mA
Rise Time tr 200 ns CL = 25 pF
Fall Time tf 50 ns RL = 11 kΩ  pull-up
HEDS-5540 Supply Current ICC 30 57 85 mA
HEDS-5640 High Level Output Voltage VOH 2.4 V IOH = -200 µA max.
HEDM-5500 Low Level Output Voltage VOL 0.4 V IOL = 3.86 mA
Rise Time tr 180 ns CL = 25 pF
Fall Time tf 40 ns RL = 2.7 kΩ  pull-up
HEDM-5500 Supply Current ICC 30 57 85 mA
HEDM-5600 High Level Output Voltage VOH 2.4 V IOH = -40 µA max.
Low Level Output Voltage VOL 0.4 V IOL = 3.86 mA
Rise Time tr 180 ns CL = 25 pF
Fall Time tf 40 ns RL = 3.2 kΩ  pull-up
*Typical values specified at VCC = 5.0 V and 25°C.
HEDM-5600
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Electrical Interface
To insure reliable encoding
performance, the HEDS-5540 and
5640 three channel encoders
require 2.7 kΩ (± 10%) pull-up
resistors on output pins 2, 3, and
5 (Channels I, A, and B) as shown
in Figure 1. These pull-up
resistors should be located as
close to the encoder as possible
(within 4 feet). Each of the three
encoder outputs can drive a single
TTL load in this configuration.
The HEDS-5500, 5600, and
HEDM-5500, 5600 two channel
encoders do not normally require
pull-up resistors. However, 3.2 kΩ
pull-up resistors on output pins 3
and 5 (Channels A and B) are
recommended to improve rise
times, especially when operating
above 100 kHz frequencies.
Mechanical Characteristics
 Parameter Symbol Dimension Tolerance[1] Units
Codewheel Fits These 2 3 4 +0.000 mm
Standard Shaft Diameters 5 6 8 -0.015
5/32 1/8 +0.0000 in
3/16 1/4 -0.0007
Moment of Inertia J 0.6 (8.0 x 10-6) g-cm2 (oz-in-s2)
Required Shaft Length[2] 14.0 (0.55) ± 0.5 mm
(± 0.02) (in.)
Bolt Circle[3] 2 screw 19.05 ± 0.13 mm
mounting (0.750) (± 0.005) (in.)
3 screw 20.90 ± 0.13 mm
mounting (0.823) (± 0.005) (in.)
external 46.0 ± 0.13 mm
mounting ears (1.811) (± 0.005) (in.)
Mounting Screw Size[4] 2 screw
mounting M 2.5 or (2-56) mm (in.)
3 screw
mounting M 1.6 or (0-80) mm (in.)
external
mounting ears M 2.5 or (2-56) mm (in.)
Encoder Base Plate 0.33 (0.130) mm (in.)
Thickness
Hub Set Screw (2-56) (in.)
Notes:
1. These are tolerances required of the user.
2. The HEDS-55X5 and 56X5, HEDM-5505, 5605 provide an 8.9 mm (0.35 inch) diameter hole through the housing for longer motor
shafts. See Ordering Information.
3. The HEDS-5540 and 5640 must be aligned using the aligning pins as specified in Figure 3, or using the alignment tool as shown in
“Encoder Mounting and Assembly”. See also “Mounting Considerations.”
4. The recommended mounting screw torque for 2 screw and external ear mounting is 1.0 kg-cm (0.88 in-lbs). The recommended
mounting screw torque for 3 screw mounting is 0.50 kg-cm (0.43 in-lbs).
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Mounting Considerations
The HEDS-5540 and 5640 three
channel encoders and the HEDM
Series high resolution encoders
must be aligned using the aligning
pins as specified in Figure 3, or
using the HEDS-8910 Alignment
Tool as shown in Encoder
Mounting and Assembly.
The use of aligning pins or
alignment tool is recommended
but not required to mount the
HEDS-5500 and 5600. If these
two channel encoders are
attached to a motor with the screw
sizes and mounting tolerances
specified in the mechanical
characteristics section without
any additional mounting bosses,
the encoder output errors will be
within the maximums specified in
the encoding characteristics
section.
The HEDS-5500 and 5540 can be
mounted to a motor using either
the two screw or three screw
mounting option as shown in
Figure 2. The optional aligning
pins shown in Figure 3 can be
used with either mounting option.
The HEDS-5600, 5640, and
HEDM-5600 have external
mounting ears which may be used
for mounting to larger motor base
plates. Figure 4 shows the
necessary mounting holes with
optional aligning pins and motor
boss.
Figure 1. Pull-up Resistors on HEDS-5X40 Encoder Outputs.
Figure 3. Optional Mounting Aids.Figure 2. Mounting Holes.
11.10 / 10.94
(0.438 / 0.431)
2.39 / 2.34
(0.096 / 0.092)
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Figure 4. Mounting with External Ears.
0.25 (0.010) X
45° CHAMFER
2 PLACES
A  Ø 0.15 (0.006)
2.39 / 2.34
(0.096 / 0.092)
11.10 / 10.94
(0.438 / 0.431)
0.8 (0.03) X 45° CHAMFER
O   A   0.05 (0.002)
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3a. Push the hex wrench into the body of the encoder to
ensure that it is properly seated into the code wheel hub set
screws. Then apply a downward force on the end of the hex
wrench. This sets the code wheel gap by levering the code
wheel hub to its upper position.
3b. While continuing to apply a downward force, rotate the
hex wrench in the clockwise direction until the hub set
screw is tight against the motor shaft. The hub set screw
attaches the code wheel to the motor's shaft.
3c. Remove the hex wrench by pulling it straight out of the
encoder body.
4. Use the center screwdriver slot, or either of the two side
slots, to rotate the encoder cap dot clockwise from the one
dot position to the two dot position. Do not rotate the
encoder cap counterclockwise beyond the one dot position.
The encoder is ready for use!
Encoder Mounting and Assembly
1. For HEDS-5500 and 5600: Mount encoder base plate onto
motor. Tighten screws. Go on to step 2.
1a. For HEDS-5540, 5640 and HEDM-5500, 5600: Slip
alignment tool onto motor shaft. With alignment tool in
place, mount encoder baseplate onto motor as shown above.
Tighten screws. Remove alignment tool.
2. Snap encoder body onto base plate locking all 4 snaps.
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Connectors
    Manufacturer     Part Number
AMP 103686-4
640442-5
Dupont/Berg 65039-032 with 4825X-000 term.
HP HEDS-8902 (2 ch.) with 4-wire leads
(designed  to mechanically lock into the
HEDS-5XXX, HEDM-5X0X  Series) HEDS-8903 (3 ch.) with 5-wire leads
Molex 2695 series with 2759 series term.
Figure 5. HEDS-8902 and 8903 Connectors.
Typical Interfaces
HOST
PROCESSOR
HEDS–55XX
OR
HEDS-56XX
OR
HEDM-5X0X
HP
HCTL-2016/
2020
QUADRATURE
DECODER/
COUNTER
CH. A
CH. B
HOST
PROCESSORCH. B
CH. A
HEDS–55XX
OR
HEDS-56XX
OR
HEDM-5X0X
HP
HCTL-1100
MOTION
CONTROL IC
*
*
N/A*
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Ordering Information
HEDS-5 Option
Shaft Diameter
01 - 2 mm 06 - 1/4 in.
02 - 3 mm 11 - 4 mm
03 - 1/8 in. 14 - 5 mm
04 - 5/32 in. 12 - 6 mm
05 - 3/16 in. 13 - 8 mm
Mounting Type
5 - Standard
6 - External
Mounting Ears
Through Hole
0 - None
5 - 8.9 mm  (0.35 in.)
Outputs
0 - 2 Channel
4 - 3 Channel
Encoders with Metal Codewheels
 HEDS-8910 0 Alignment Tool
(Included with each order of HEDS-554X/564X three channel encoders)
Shaft Diameter
01 - 2 mm 06 - 1/4 in.
02 - 3 mm 11 - 4 mm
03 - 1/8 in. 14 - 5 mm
04 - 5/32 in. 12 - 6 mm
05 - 3/16 in. 13 - 8 mm
Mounting Type
5 - Standard
6 - External
Mounting Ears
Resolution (Cycles/Rev)
B - 1000 CPR
J -  1024 CPR
Through Hole
0 - None
5 - 8.9 mm  (0.35 in.)
Outputs
0 - 2 Channel
Encoders with Film Codewheels
 HEDS-8910 0 Alignment Tool
(Included with each order of HEDM-550X/560X two channel encoders)
HEDM-5 0  Option
Resolution (Cycles/Rev)
(HEDS-550X, 560X 2 Channel)
S - 50 CPR F - 256 CPR
 K - 96 CPR G - 360 CPR
C - 100 CPR H - 400 CPR
D - 192 CPR A - 500 CPR
E - 200 CPR I - 512 CPR
(HEDS-554X, 564X 3 Channel)
S - 50 CPR
K - 96 CPR
C - 100 CPR
E - 200 CPR
F - 256 CPR
G - 360 CPR
H - 400 CPR
A - 500 CPR
I - 512 CPR










L6201
L6202 - L6203
DMOS FULL BRIDGE DRIVER
 
SUPPLY VOLTAGE UP TO 48V 
5A MAX PEAK CURRENT (2A max. for L6201) 
TOTAL RMS CURRENT UP TO
L6201: 1A; L6202: 1.5A; L6203/L6201PS: 4A
RDS (ON) 0.3 Ω (typical value at 25 °C)
CROSS CONDUCTION PROTECTION 
TTL COMPATIBLE DRIVE
OPERATING FREQUENCY UP TO 100 KHz
THERMAL SHUTDOWN
INTERNAL LOGIC SUPPLY 
HIGH EFFICIENCY
DESCRIPTION
The I.C. is a full bridge driver for motor control ap-
plications realized in Multipower-BCD technology
which combines isolated DMOS power transistors
with CMOS and Bipolar circuits on the same chip.
By using mixed technology it has been possible to
optimize the logic circuitry and the power stage to
achieve the best possible performance. The
DMOS output transistors can operate at supply
voltages up to 42V and efficiently at high switch-
ing speeds. All the logic inputs are TTL, CMOS
and µC compatible. Each channel (half-bridge) of
the device is controlled by a separate logic input,
while a common enable controls both channels.
The I.C. is mounted in three different packages.
This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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MULTIPOWER BCD TECHNOLOGY
BLOCK DIAGRAM
ORDERING NUMBERS:
L6201
 (SO20)
            L6201PS
 (PowerSO20)
         L6202
 (Powerdip18)
    L6203
 (Multiwatt)
SO20 (12+4+4)
Multiwatt11
Powerdip 12+3+3
PowerSO20
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PIN CONNECTIONS
 (Top view)
SO20
GND
N.C. N.C.
N.C.
OUT2
OUT1
VS
BOOT1
IN1
N.C.
GND 10
8
9
7
6
5
4
3
2
13
14
15
16
17
19
18
20
12
1
11 GND
D95IN216
IN2
BOOT2
SENSE
Vref
ENABLE
N.C.
N.C.
GND
PowerSO20
MULTIWATT11
POWERDIP
L6201 - L6202 - L6203
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PINS FUNCTIONS
Device
Name FunctionL6201 L6201PS L6202 L6203
1 16 1 10 SENSE A resistor Rsense connected to this pin provides feedback for
motor current control.
2 17 2 11 ENAB
LE
When a logic high is present on this pin the DMOS POWER
transistors are enabled to be selectively driven by IN1 and IN2.
3 2,3,9,12,
18,19
3 N.C. Not Connected
4,5 – 4
6
GND Common Ground Terminal
– 1, 10 5 GND Common Ground Terminal
6,7 – 6 GND Common Ground Terminal
8 – 7 N.C. Not Connected
9 4 8 1 OUT2 Ouput of 2nd Half Bridge
10 5 9 2 Vs Supply Voltage
11 6 10 3 OUT1 Output of first Half Bridge
12 7 11 4 BOOT1 A boostrap capacitor connected to this pin ensures efficient
driving of the upper POWER DMOS transistor.
13 8 12 5 IN1 Digital Input from the Motor Controller
14,15 – 13
6
GND Common Ground Terminal
– 11, 20 14 GND Common Ground Terminal
16,17 – 15 GND Common Ground Terminal
18 13 16 7 IN2 Digital Input from the Motor Controller
19 14 17 8 BOOT2 A boostrap capacitor connected to this pin ensures efficient
driving of the upper POWER DMOS transistor.
20 15 18 9 Vref Internal voltage reference.  A capacitor from this pin to GND is
recommended. The internal Ref. Voltage can source out a
current of 2mA max.
Symbol Parameter Value Unit
Vs Power Supply 52 V
VOD Differential Output Voltage (between Out1 and Out2) 60 V
VIN,  VEN Input or Enable Voltage – 0.3 to + 7 V
Io Pulsed Output Current      for L6201PS/L6202/L6203 (Note 1)
– Non Repetitive (< 1 ms) for L6201
                                           for L6201PS/L6202/L6203
DC Output Current           for L6201 (Note 1)
5
5
10
1
A
A
A
A
Vsense Sensing Voltage – 1 to + 4 V
Vb Boostrap Peak Voltage 60 V
Ptot Total Power Dissipation:
Tpins = 90°C for L6201
                    for L6202
Tcase = 90°C for L6201PS/L6203
Tamb = 70°C for L6201 (Note 2)
                    for L6202 (Note 2)
                    for L6201PS/L6203 (Note 2)
4
5
20
0.9
1.3
2.3
W
W
W
W
W
W
Tstg,  Tj Storage and Junction Temperature – 40 to + 150 °C
Note 1:
 Pulse width limited only by junction temperature and transient thermal impedance (see thermal characteristics)
Note 2:
 Mounted on board with minimized dissipating copper area.
ABSOLUTE MAXIMUM RATINGS
L6201 - L6202 - L6203
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THERMAL DATA
Symbol Parameter Value Unit
L6201 L6201PS L6202 L6203
Rth j-pins
Rth j-case
Rth j-amb
Thermal Resistance Junction-pins             max
Thermal Resistance Junction Case           max.
Thermal Resistance Junction-ambient      max.
15
–
85
–
–
13 (*)
12
–
60
–
3
35
°C/W
(*) Mounted on aluminium substrate.
ELECTRICAL CHARACTERISTICS
 (Refer to the Test Circuits; Tj = 25°C, VS = 42V, Vsens = 0, unless
otherwise specified).
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply Voltage 12 36 48 V
Vref Reference Voltage IREF = 2mA 13.5 V
IREF Output Current 2 mA
Is Quiescent Supply Current EN = H  VIN = L
EN = H  VIN = H  
EN = L  ( Fig. 1,2,3)
IL = 0
10
10
8
15
15
15
mA
mA
mA
fc Commutation Frequency (*) 30 100 KHz
Tj Thermal Shutdown 150 °C
Td Dead Time Protection 100 ns
TRANSISTORS
OFF
IDSS Leakage Current Fig. 11  Vs = 52 V 1 mA
ON
RDS On Resistance Fig. 4,5 0.3 0.55 Ω
VDS(ON) Drain Source Voltage Fig. 9
IDS = 1A
IDS = 1.2A
IDS = 3A
     L6201
     L6202
L6201PS/0
3 
0.3
0.36
0.9
V
V
V
Vsens Sensing Voltage – 1 4 V
SOURCE DRAIN DIODE
Vsd Forward ON Voltage Fig. 6a and b
ISD = 1A     L6201         EN = L
ISD = 1.2A  L6202         EN = L
ISD = 3A    L6201PS/03   EN =
L
0.9 (**)
0.9 (**)
1.35(**)
V
V
V
trr Reverse Recovery Time dif
dt  = 25 A/µs
IF = 1A     
IF = 1.2A  
IF = 3A      
L6201
L6202
L6203
300 ns
tfr Forward Recovery Time 200 ns
LOGIC LEVELS
VIN L,  VEN L Input Low Voltage – 0.3 0.8 V
VIN H,  VEN H Input High Voltage 2 7 V
IIN L,  IEN L Input Low Current VIN,  VEN = L –10 µA
IIN H,  IEN H Input High Current VIN,  VEN = H 30 µA
L6201 - L6202 - L6203
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ELECTRICAL CHARACTERISTICS
 (Continued)
LOGIC CONTROL TO POWER DRIVE TIMING
Symbol Parameter Test Conditions Min. Typ. Max. Unit
t1 (Vi) Source Current Turn-off Delay Fig. 12 300 ns
t2 (Vi) Source Current Fall Time Fig. 12 200 ns
t3 (Vi) Source Current Turn-on Delay Fig. 12 400 ns
t4 (Vi) Source Current Rise Time Fig. 12 200 ns
t5 (Vi) Sink Current Turn-off Delay Fig. 13 300 ns
t6 (Vi) Sink Current Fall Time Fig. 13 200 ns
t7 (Vi) Sink Current Turn-on Delay Fig. 13 400 ns
t8 (Vi) Sink Current Rise Time Fig. 13 200 ns
(*)
 Limited by power dissipation
(**)
 In synchronous rectification the drain-source voltage drop VDS is shown in fig. 4 (L6202/03); typical value for the L6201 is of 0.3V.
Figure 1:
 Typical Normalized IS vs. Tj
Figure 3:
 Typical Normalized IS  vs. VS
Figure 2:
 Typical Normalized Quiescent Current
vs. Frequency 
Figure 4:
 Typical RDS (ON) vs. VS ~ Vref
L6201 - L6202 - L6203
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Figure 5:
  Normalized RDS (ON)at 25°C vs. Temperature Typical Values 
Figure 6b:
 Typical Diode Behaviour in Synchro-
nous Rectification (L6201PS/02/03)
Figure 7b:
 Typical Power Dissipation vs IL(L6201PS, L6202, L6203))
Figure 6a:
 Typical Diode Behaviour in Synchro-
nous Rectification (L6201)
Figure 7a:
 Typical Power Dissipation vs IL(L6201)
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Figure 8a:
 Two Phase Chopping
Figure 8b:
 One Phase Chopping
Figure 8c:
 Enable Chopping
IN1 = H
IN 2 = H
EN = H
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TEST CIRCUITS
Figure 9:
 Saturation Voltage
Figure 10:
 Quiescent Current
Figure 11:
 Leakage Current
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Figure 12: Source Current Delay Times vs. Input Chopper
Figure 13: Sink Current Delay Times vs. Input Chopper
 42V     for     L6201PS/02/03
 42V    for     L6201PS/02/03
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CIRCUIT DESCRIPTION
The L6201/1PS/2/3 is a monolithic full bridge
switching motor driver realized in the new Mul-
tipower-BCD technology which allows the integra-
tion of multiple, isolated DMOS power transistors
plus mixed CMOS/bipolar control circuits. In this
way it has been possible to make all the control
inputs TTL, CMOS and µC compatible and elimi-
nate the necessity of external MOS drive compo-
nents. The Logic Drive is shown in table 1.
Table 1
Inputs
Output Mosfets (*)
VEN = H
IN1 IN2
L
L
H
H
L
H
L
H
Sink 1,  Sink 2
Sink 1,  Source 2
Source 1,  Sink 2
Source 1,  Source 2
VEN = L X X All transistors turned oFF
L = Low                H = High           X = DON’t care
(*) Numbers referred to INPUT1 or INPUT2 controlled output stages
Although the device guarantees the absence of
cross-conduction, the presence of the intrinsic di-
odes in the POWER DMOS structure causes the
generation of current spikes on the sensing termi-
nals. This is due to charge-discharge phenomena
in the capacitors C1 & C2 associated with the
drain source junctions (fig. 14). When the output
switches from high to low, a current spike is gen-
erated associated with the capacitor C1. On the
low-to-high transition a spike of the same polarity
is generated by C2, preceded by a spike of the
opposite polarity due to the charging of the input
capacity of the lower POWER DMOS transistor
(fig. 15).
TRANSISTOR OPERATION
ON State
When one of the POWER DMOS transistor is ON
it can be considered as a resistor RDS (ON)
throughout the recommended operating range. In
this condition the dissipated power is given by : 
PON = RDS (ON) ⋅ IDS2 (RMS)
The low RDS (ON) of the Multipower-BCD process
can provide high currents with low power dissipa-
tion.
OFF State
When one of the POWER DMOS transistor is
OFF the VDS voltage is equal to the supply volt-
age and only the leakage current IDSS flows. The
power dissipation during this period is given by :
POFF = VS ⋅ IDSS
The power dissipation is very low and is negligible
in comparison to that dissipated in the ON
STATE.
Transitions
As already seen above the transistors have an in-
trinsic diode between their source and drain that
can operate as a fast freewheeling diode in
switched mode applications. During recirculation
with the ENABLE input high, the voltage drop
across the transistor is RDS (ON) ⋅ ID and when it
reaches the diode forward voltage it is clamped.
When the ENABLE input is low, the POWER
MOS is OFF and the diode carries all of the recir-
culation current. The power dissipated in the tran-
sitional times in the cycle depends upon the volt-
age-current waveforms and in the driving mode.
(see Fig. 7ab and Fig. 8abc).
Ptrans. = IDS (t) ⋅ VDS (t)
Figure 14: Intrinsic Structures in the POWER
DMOS Transistors
Figure 15: Current Typical Spikes on the Sens-
ing Pin
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Boostrap Capacitors
To ensure that the POWER DMOS transistors are
driven correctly gate to source voltage of typ. 10
V must be guaranteed for all of the N-channel
DMOS transistors. This is easy to be provided for
the lower POWER DMOS transistors as their
sources are refered to ground but a gate voltage
greater than the supply voltage is necessary to
drive the upper transistors. This is achieved by an
internal charge pump circuit that guarantees cor-
rect DC drive in combination with the boostrap cir-
cuit. For efficient charging the value of the boos-
trap capacitor should be greater than the input
capacitance of the power transistor which is
around 1 nF. It is recommended that a capaci-
tance of at least 10 nF is used for the bootstrap. If
a smaller capacitor is used there is a risk that the
POWER transistors will not be fully turned on and
they will show a higher RDS (ON). On the other
hand if a elevated value is used it is possible that
a current spike may be produced in the sense re-
sistor.
Reference Voltage
To by-pass the internal Ref. Volt. circuit it is rec-
ommended that a capacitor be placed between its
pin and ground. A value of 0.22 µF should be suf-
ficient for most applications. This pin is also pro-
tected against a short circuit to ground: a max.
current of 2mA max. can be sinked out.
 
Dead Time
To protect the device against simultaneous con-
duction in both arms of the bridge resulting in a
rail to rail short circuit, the integrated logic control
provides a dead time greater than 40 ns.
Thermal Protection
A thermal protection circuit has been included
that will disable the device if the junction tempera-
ture  reaches 150 °C. When the temperature has
fallen to a safe level the device restarts the input
and enable signals under control.
APPLICATION INFORMATION
Recirculation
During recirculation with the ENABLE input high,
the voltage drop across the transistor is RDS
(ON)⋅ IL, clamped at a voltage depending on the
characteristics of the source-drain diode. Al-
though the device is protected against cross con-
duction, current spikes can appear on the current
sense pin due to charge/discharge phenomena in
the intrinsic source drain capacitances. In the ap-
plication this does not cause any problem be-
cause the voltage spike generated on the sense
resistor is masked by the current controller circuit.
Rise Time Tr (See Fig. 16)
When a diagonal of the bridge is turned on cur-
rent begins to flow in the inductive load until the
maximum current IL is reached after a time Tr.
The dissipated energy EOFF/ON is in this case :
EOFF/ON = [RDS (ON) ⋅ IL2 ⋅ Tr] ⋅ 2/3
Load Time TLD (See Fig.16) 
During this time the energy dissipated is due to
the ON resistance of the transistors (ELD) and due
to commutation (ECOM). As two of the POWER
DMOS transistors are ON, EON is given by :
ELD = IL2 ⋅ RDS (ON) ⋅ 2 ⋅ TLD
In the commutation the energy dissipated is : 
ECOM = VS ⋅ IL ⋅ TCOM ⋅ fSWITCH ⋅ TLD
Where : 
TCOM = TTURN-ON = TTURN-OFF 
fSWITCH = Chopping frequency. 
Fall Time Tf (See Fig. 16)
It is assumed that the energy dissipated in this
part of the cycle takes the same form as that
shown for the rise time :
EON/OFF = [RDS (ON) ⋅ IL2 ⋅  Tf] ⋅ 2/3
Figure 16.
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Quiescent Energy
The last contribution to the energy dissipation is
due to the quiescent supply current and is given by:
EQUIESCENT = IQUIESCENT ⋅ Vs ⋅ T
Total Energy Per Cycle
ETOT = EOFF/ON + ELD + ECOM +
+ EON/OFF + EQUIESCENT
The Total Power Dissipation PDIS is simply :
PDIS = ETOT/T
Tr = Rise time
TLD  = Load drive time
Tf = Fall time 
Td = Dead time
T = Period
T = Tr + TLD + Tf + Td
DC Motor Speed Control
Since the I.C. integrates a full H-Bridge in a single
package it is idealy suited for controlling DC mo-
tors. When used for DC motor control it performs
the power stage required for both speed and di-
rection control. The device can be combined with
a current regulator like the L6506 to implement a
transconductance amplifier for speed control, as
shown in figure 17. In this particular configuration
only half of the L6506 is used and the other half
of the device may be used to control a second
motor.
The L6506 senses the voltage across the sense
resistor RS to monitor the motor current: it com-
pares the sensed voltage both to control the
speed and during the brake of the motor.
Between the sense resistor and each sense input
of the L6506 a resistor is recommended; if the
connections between the outputs of the L6506
and the inputs of the L6203 need a long path, a
resistor must be added between each input of the
L6203 and ground.
A snubber network made by the series of R and C
must be foreseen very near to the output pins of
the I.C.; one diode (BYW98) is connected be-
tween each power output pin and ground as well.
The following formulas can be used to calculate
the snubber values:
R  ≅ VS/lp
C = lp/(dV/dt) where:
VS is the maximum Supply Voltage foreseen on
the application;
Ip is the peak of the load current;
dv/dt is the limited rise time of the output voltage
(200V/µs is generally used).
If the Power Supply Cannot Sink Current, a suit-
able large capacitor must be used and connected
near the supply pin of the L6203. Sometimes a
capacitor at pin 17 of the L6506 let the application
better work. For motor current up to 2A max., the
L6202 can be used in a similar circuit configura-
tion for which a typical Supply Voltage of 24V is
recommended.
Figure 17: Bidirectional DC Motor Control
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BIPOLAR STEPPER MOTORS APPLICATIONS
Bipolar stepper motors can be driven with one
L6506 or L297, two full bridge BCD drivers and
very few external components. Together these
three chips form a complete microprocessor-to-
stepper motor interface is realized.
As shown in Fig. 18 and Fig. 19, the controller
connect directly to the two bridge BCD drivers.
External component are minimalized: an R.C. net-
work to set the chopper frequency, a resistive di-
vider (R1; R2) to establish the comparator refer-
ence voltage and a snubber network made by R
and C in series (See DC Motor Speed Control).
Figure 19: Two Phase Bipolar Stepper Motor Control Circuit with Chopper Current Control and Translator
Figure 18: Two Phase Bipolar Stepper Motor Control Circuit with Chopper Current Control
L6201
L6201PS
L6202
L6203
L6201
L6201PS
L6202
L6203
L6201
L6201PS
L6202
L6203
L6201
L6201PS
L6202
L6203
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It could be requested to drive a motor at VS lower
than the minimum recommended one of 12V
(See Electrical Characteristics); in this case, by
accepting a possible small increas in the RDS (ON)
resistance of the power output transistors at the
lowest Supply Voltage value, may be a good solu-
tion the one shown in Fig. 20.
THERMAL CHARACTERISTICS
Thanks to the high efficiency of this device, often
a true heatsink is not needed or it is simply ob-
tained by means of a copper side on the P.C.B.
(L6201/2).
Under heavy conditions, the L6203 needs a suit-
able cooling.
By using two square copper sides in a similar way
as it shown in Fig. 23, Fig. 21 indicates how to
choose the on board heatsink area when the
L6201 total power dissipation is known since:
RTh j-amb = (Tj max. – Tamb max) / Ptot
Figure 22 shows the Transient Thermal Resis-
tance vs. a single pulse time width.
Figure 23 and 24 refer to the L6202.
For the Multiwatt L6203 addition information is
given by Figure 25 (Thermal Resistance Junction-
Ambient vs. Total Power Dissipation) and Figure
26 (Peak Transient Thermal Resistance vs. Re-
petitive Pulse Width) while Figure  27 refers to the
single pulse Transient Thermal Resistance.
Figure 20: L6201/1P/2/3 Used at a Supply Volt-
age Range Between 9 and 18V
Figure 21: Typical RTh J-amb vs. "On Board"
Heatsink Area (L6201)
Figure 22: Typical Transient RTH in Single Pulse
Condition (L6201)
Figurre 23: Typical RTh J-amb vs. Two "On Board"
Square Heatsink (L6202)
L6201
L6201PS
L6202
L6203
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Figure 24: Typical Transient Thermal Resistance
 for Single Pulses (L6202) Figure 25: Typical RTh J-amb of MultiwattPackage vs. Total Power Dissipation
Figure 26: Typical Transient Thermal Resistance
 for Single Pulses with and without
 Heatsink (L6203)
Figure 27: Typical Transient Thermal Resistance
 versus Pulse Width and Duty Cycle
 (L6203)
L6201  - L6202 - L6203
15/20
POWERDIP18 PACKAGE MECHANICAL DATA
DIM.
mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
a1 0.51 0.020
B 0.85 1.40 0.033 0.055
b 0.50 0.020
b1 0.38 0.50 0.015 0.020
D 24.80 0.976
E 8.80 0.346
e 2.54 0.100
e3 20.32 0.800
F 7.10 0.280
I 5.10 0.201
L 3.30 0.130
Z 2.54 0.100
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SO20 PACKAGE MECHANICAL DATA
DIM.
mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 2.65 0.104
a1 0.1 0.3 0.004 0.012
a2 2.45 0.096
b 0.35 0.49 0.014 0.019
b1 0.23 0.32 0.009 0.013
C 0.5 0.020
c1 45 (typ.)
D 12.6 13.0 0.496 0.512
E 10 10.65 0.394 0.419
e 1.27 0.050
e3 11.43 0.450
F 7.4 7.6 0.291 0.299
L 0.5 1.27 0.020 0.050
M 0.75 0.030
S 8 (max.)
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PowerSO20 PACKAGE MECHANICAL DATA
DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 3.60 0.1417
a1 0.10 0.30 0.0039 0.0118
a2 3.30 0.1299
a3 0 0.10 0 0.0039
b 0.40 0.53 0.0157 0.0209
c 0.23 0.32 0.009 0.0126
D (1) 15.80 16.00 0.6220 0.6299
E 13.90 14.50 0.5472 0.570
e 1.27 0.050
e3 11.43 0.450
E1 (1) 10.90 11.10 0.4291 0.437
E2 2.90 0.1141
G 0 0.10 0 0.0039
h 1.10
L 0.80 1.10 0.0314 0.0433
N 10° (max.)
S 8° (max.)
T 10.0 0.3937
(1) "D and E1" do not include mold flash or protrusions
     - Mold flash or protrusions shall not exceed 0.15mm (0.006")
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MULTIWATT11 PACKAGE MECHANICAL DATA
DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 5 0.197
B 2.65 0.104
C 1.6 0.063
D 1 0.039
E 0.49 0.55 0.019 0.022
F 0.88 0.95 0.035 0.037
G 1.57 1.7 1.83 0.062 0.067 0.072
G1 16.87 17 17.13 0.664 0.669 0.674
H1 19.6 0.772
H2 20.2 0.795
L 21.5 22.3 0.846 0.878
L1 21.4 22.2 0.843 0.874
L2 17.4 18.1 0.685 0.713
L3 17.25 17.5 17.75 0.679 0.689 0.699
L4 10.3 10.7 10.9 0.406 0.421 0.429
L7 2.65 2.9 0.104 0.114
M 4.1 4.3 4.5 0.161 0.169 0.177
M1 4.88 5.08 5.3 0.192 0.200 0.209
S 1.9 2.6 0.075 0.102
S1 1.9 2.6 0.075 0.102
Dia1 3.65 3.85 0.144 0.152
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consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specification mentioned
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. SGS-
THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems without express
written approval of SGS-THOMSON Microelectronics.
© 1997 SGS-THOMSON Microelectronics – Printed in Italy – All Rights Reserved
SGS-THOMSON Microelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands -
Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A.     
L6201 - L6202 - L6203
20/20
